Titan 2000 





Part 3: 


construction and setting up 





This third of four parts 
deals primarily with 
the construction of the 
amplifier and ends 
with a brief resume of 
its performance and 
specifications. Let the 
constructor beware, 
however: the Titan 
2000 is not an easy 
project and certainly 
not recommended for 
beginners in elec- 
tronic construction. 


Design by T. Giesberts 
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INTRODUCTION 

It is lear from the first two parts of this 
article that the Titan 2000 is a complex 
unit that needs to be constructed and 
wired up with with great care to 
ensure the specified performance. For 
that reason, the construction notes will 
be more detailed than is usual with 
projects in this magazine. It is assumed 
that the protection network and auxil- 
iary power supply have already been 
built and tested. 


MOTHER BOARD 

It must be borne in mind that in the 
case of a fast power amplifier like the 
Titan 2000, with a gain/bandwidth 
product of about 0.5 GHz, the board 
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must be an integral part of the circuit. 
The mother board is therefore 
designed together with the remainder 
of the circuit. The length of the tracks, 
the area of the copper pads, the posi- 
tions of the decoupling capacitors, and 
other factors, are vital for the proper 
and stable operation of the unit. Con- 
structors who make their own boards 
are therefore advised to adhere strictly 
to the published layout. 

Owing to the power requirements, 
the various stages are parallel configu- 
rations. When these are mounted on 
the heat sinks, a fairly large parasitic 
capacitances to earth ensue. This is 
because for reasons of stability all seven 
heat sinks must be strapped to earth. It 
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Parts lists 


Itis regretted that, owing to circum- 
stances beyond our control, compo- 
nent codings in the various sections 
have been duplicated. Consequently, 
the mother board, protection network 
board, and auxiliary power supply 
board contain many components 
with the same identification (R1-R36, 
di D3-D2, TiTe IC1-C2, J P1, 

1 . 


Amplifier 


Resistors: 
Ry, R53 = 1MQ 


R2 = 562 Q 

R3 = 47 kQ 

Ra, Re; Riz, Rig, Reo, Rer Reg, R70 = 
220 

Rs, Rez R71 = 3300 

R7, R34 = 470 Q 

Rg = 22.10 

Rg = 3900 

Rig, R11 = 470 2,5 W 

R13, R45 = 1.00 kQ 

Rig, R17, R3g = 150 Q 

Rig, R20, Rsg, Re7 = 270 Q 

R19, R21 = 10 KQ, 1 W 

R22, R23 = 3.3 kQ, 1 W 

R39 = see text 

R31, R32 = 22 kQ 

R33, R35 = 220 Q 

R36, R37 = 560 2 

R45-R52 = 0.22 Q, inductance-free 

R54 R55 = 4.7 MQ 

Rs6 Res = 15 Q 

Rós» R73 = 12 kQ 

R74, R76, R77 = 100 Q 

R75 = 33.2 

R78 = 2.2 KQ 

R79 = 2.2 Q, 5 WwW 

Py, Pa, Ps = 4.7 KQ (5 kQ) preset 

P2 = 250 Q, preset 

P3 = 500 Q, preset 


Capacitors: 

Cı = 2.2 uF, metallized polyester 
(MKP) 

Ca, C3, Cap = 0.001 uF 

Ca, Cs = 0.0022 UF 

Cg, C7 = 220 uF, 25 V, radial 

Cg, Co, Cir Ciz Cis = 0.1 pF 

Cio C43 = 100 UF, 25 V, radial 

C14 = see text 

C16-C23 = 100 pF, 100 V 

Coq = 1 pF, metallized polypropylene 
(MKT) 

C25 = 0.68 uF 

C26, C27, C32, C39 = 2.2 YF, 63 Y, 
radial 





Figure 12. The double-sided printed-circuit board is intended to be combined with the 
heat sink into a single entity. Before that can be done, however, the section for the output 


relay and the inductor must be cut off the main section. 
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Cog, C34, Cap Cai = 470 uF, 100 V, 
radial 

C29, C33, Cae, Cao = (22 UF, 100 V 

C39, C37 = al UF, 63 V, radial 

C31, C3 = 0.015 uF 

C43-C48 = 0.1 pF, 630 V 


Inductors: 
L; = see text 


Semiconductors: 

Dj, D? = LED, red, flat 

D3, Dig, Dig = 1N4148 

Da, De = zener, 5.6 V, 500 mW 
Ds, D7 = zener, 15V, 1.3 W 
Dg, D11 = zener, 30 V, 1.3 W 
Dg, Dy = zener, 39 V, 1.3 W 
Dio, D13, Dig, D17 = 1N4004 
Dig, Dis = zener, 12 V, 500 mW 
TL Ta T5, 145-117 = BC560C 
Ta, T3, Te Tig-T20 = BC550C 
T7, Tg, 143, Tag = BF245A 

To = BF871 

Tio = BF872 

Tir T50 T51 = BC640 

Tiz Tas, Tag = BC639 

Tis, T14 = BF256C 

T21-Tz3 = MJ E350 

Ta4-T26 = MJ E340 

T>7 = BD139 

Tog = BD140 

T29-T31 = 25C5171 (Toshiba) 
T32-T34 = 25A1930 (Toshiba) 
T35-T38 = 25C5359 (Toshiba) 
T39-T42 = 25A1987 (Toshiba) 
Tag Tag = BF256A 

T47 = BD712 

Ts, = BD711 


Integrated circuits: 
IC; = OP90G 
IC2 = 6N136 


Miscellaneous: 

JP JP>= 2.54 mm, 2-way pinstrip 
and pin jumper 

K = 3-way terminal block, pitch 5 mm 

Re = relay, 12 V, 600 Q 

Re>-Reyz = relay, 12 V, 16 A, 270 Q 

Heat sink for T21-T26 = 38.1 mm, 
11 K W-1 (Fischer Type SK104-STC; 
TO220) 

Heat sink for drivers/output transistors, 
150 mm, 0.25 K W-1, Fischer Type 
SK157 

Ceramic isolation washers for T23-T34: 
Fischer Type AOS220 

Mica isolating washers for T35-T42 

PCB Order no 990001-1 (see Readers 
Services towards end of this magazine) 





is, of course, of paramount importance 
that these capacitances are as small as 
feasible. For this reason, it is vital that 
in the thermal coupling of T>1-T34 
1.5 mm thick ceramic—not mica—iso- 
lating washers are used. Mica washers 
may, however, be used with the output 
transistors since parasitic capacitances 
there are of no significance. 

The component and track layouts 
of the mother board are shown in Fig- 
ure 12. It will be seen that the board 
consists of two sections: the mother 
board proper and the output-relay 
board. The latter must be cut off before 
any other work is done. Later, when it 
is built up, itis mounted on the mother 
board with the aid of four 50 mm long 
metal spacers in such a way that the 
LS- and LS+ terminals on the two 
boards are above each other. The spac- 
ers also provide the electrical link 
between the boards. 

The completed relay board is 
shown in Figure 13. Inductor L4 is 
made from a doubled-up length of 
1.5 mm enamelled copper wire wound 
in two layers of eight turns each 
around a 16mm former (such as a 
piece of PVC pipe). After the coil has 
been wound, the PVC pipeis removed 
and the four windings connected in 
parallel. See Figure 14. 

Ignoring the drivers and output 
transistors for the moment, the con- 
struction of the mother board is tradi- 
tional. As always, great care must be 
taken during the soldering and placing 
of components. Do not forget the ther- 
mal coupling of T1-T3, T--T4, D1-T5, 
D>T6 Tas-T46 and Tso-T51 asal ready 
pointed out in Part 1. Also, T>;-T>3 and 
T24-T26 Must be mounted on a heat 
sink, and isolated from it by means of 
a ceramic washer. When this is done, fit 
the composite heat sinks on the board, 
and link them to earth. 

The input signal and the +85V 
supply lines are linked to the board via 
standard solder pins. 

For connecting the +70V supply 
lines and the relay board, 3 mm screw 
holes are provided. Metal spacers are 
to be fixed to these and cable connec- 
tors to the top of the spacers. 


MAIN HEAT SINK 

When the mother board has been com- 
pleted, and carefully checked, as far as 
described, it and the drivers and out- 
put transistors, T27-T4, must be 
mounted on the main heat sink. This is 


a 150 mm high Type SK 157 from Fis- 
cher with a thermal resistance of 
0.25 K W-1, This is admittedly a very 
tedious job. It is vital that all requisite 
fixing holes are drilled accurately in the 
heat sink and preferably tapped with 
3mm thread. The template delivered 
with the ready-made board is almost 
indispensable for this work. 

When the holes have been drilled 
(and, possibly, tapped) transistors T>7 
and Tg should be fitted first (this is 
important because they become inac- 
cessible after the board has been fitted). 
They must be located as close as possi- 
bleto the output transistors and notin 
the position indicated on the board. 
Again, the template makes all this clear. 
Their terminals must then be extended 
with the aid of short lengths of equip- 
ment wire, which are later fed through 
the relevant holes on the board and 
soldered to the board via, for instance, 
a three-way pin header. 

The terminals of the drivers and 
output transistors must be bent at right 
angles: those of the former at the point 
where they become thinner and those 
of the latter about 5 mm from the body 
of the device. When this is done, sarew 
all transistors loosely to the heat sink, 
not forgetting the isolating washers. If it 
is intended to use fan cooling, the req- 
uisite temperature sensor—that is, a 
Type BD 140 transistor— should also be 
attached to the heat sink at this stage. 
The template does not show a location 
for the sensor, but it seems sensible to 
fit it at the centre close to T37 or Tao. 

The next step is to fit all ten spacers 
to the heat sink: these should all be 
10mm long. In the prototype, spacers 
with a 3 mm screwthread at one end 
were used. Two of the spacers merely 
provide additional support for the 
relay board and another two form the 
electrical link between the negative 
supply line and the heat sink. 

When all this work is done, the 
board should look more or less like that 
in Figure 15. Note that because of tests 
later on, there are, as yet, no ceramic 
isolating washers fitted on the proto- 
type. 

The next, and most tedious, step is 
to combine the board and heat sink. It 
is, of course, vital that all spacers are 
exactly opposite the relevant fixing 
holes and—even more tedious—that 
the terminals of all transistors are 
inserted into the correct mounting 
holes. Bear in mind that the metal 
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spacers for linking -, +, 
LS+, and LS-, are 
already on the board. 
As the terminals of the 


Figure 13. Illustrating 
how the relay board is 
mounted on the 
mother board with the 
aid of spacers. 


more of the transistors slightly, which 
is the reason that the fixing screws 
have not yet been tightened. When all 
terminals are correctly inserted, these 
screws must, of course, be tightened 
firmly. 

The final step is to fix the relay 
board on the spacers that form the link 
for the LS- and LS+ terminals. 


SETTING UP 

Before the amplifier module can be 
taken into use, presets P2-Ps must be 
set as required. Preset P4 is intended 
only for possibly adjusting the balance 
in case of a bridge configuration. 

Start by turning P3 (the quiescent- 
current control) fully antidockwise and 
P2, P4 and Ps, to their centre position. 
Check the outputs of the power supply 
and auxiliary power supply and, if 
these are correct, link the +70V lineto 
pins ‘+’ and ‘0’, the -70V line to ‘-’ 
and ‘0’, the +85 V line to ‘++’ and the 
-85V line to ‘--’. For absolute safety, link 
the +70V lines temporarily via a 100, 
5 W resistor. 

Next, set P4 and Ps for voltages of 
+78V and -78V respectively at the 
cases of transistors T47 and Ts respec 


output transistors are 
slightly longer than 
those of the drivers, it may be possible 
to do this work in two stages: output 
transistors first and drivers second. It 
may prove necessary to turn one or 


Figure 14. Air-cored inductor Lj is formed by lay- 
ing two windings each of eight turns of doubled- 
up each on top of one another. The former is a 
length of 16 mm diameter PVC pipe as used by 
plumbers. The resulting four windings are sim- 
ply connected in parallel. 





Elektor Electronics 4/99 


tively (the cases of these transistors are 
linked to the output of the relevant 
regulator). It isimportant that the neg- 
ative and positive voltages are numer- 
ically identical. 

Since the parameters of the n-p-n 
and p-n-p transistors in the input stage 
are never exactly identical, there may 
be a dight imbalance. This may be cor- 
rected by adjusting the output of cur- 
rent source Ts with the aid of preset P> 
to give a potential of exactly OV at the 
output (pin 6) of IC (when ‘cold’). 

Finally, insert an ammeter (set to 
500 mA or 1A range) in the +70 V or 
-70V line, and adjust P3 carefully for a 
quiescent current of 200 mA (cold con- 
dition—that is, immediately after 
switch-on). With a large drive signal, 
the quiescent current may increase to 
some 600 mA, but at nominal temper- 
atures, its level will stabilize at 
200-400 MA. Note that these fluctua- 
tions have no noticeable effect on the 
performance of the amplifier. 


CHECK AND TEST 

When the amplifier has been switched 
on for about half an hour, the voltages 
shown in Figure 2 (Part 1) may be ver- 
ified. N ote that voltage levels depend- 
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ing on the setting of current sources 
habitually show a substantial spread: 
30 per cent is quite common. All mea- 
surements should be carried out with 
a good digital voltmeter or multimeter 
with a high-impedance input. 

Other than the test voltages in the 
circuit diagram, there are some others 
that may be checked. For instance, the 
proper functioning of the output tran- 
sistors may be ascertained by measur- 
ing the voltage across R45-R52. Hold 
one test probe against the loudspeaker 
terminal and with the other measure 
the potential at the emitters of all out- 
put transistors. The average value 
should be about 20 mV, but deviations 
of up to 50 per cent occur. 

The voltage amplifier operation 
may be checked by measuring its cur- 
rent drain: if this is within spedfication, 
the voltage across Rsg and Res must be 
within 0.8-L1V (after the amplifier has 
been on for at least half an hour). 

Finally, the potential drops across 
the emitter resistors of differential 
amplifiers T45-T 4g and Ts9-T5] must not 
differ by more than a factor 2. Too large 
a factor is detrimental to the stable 
operation of the amplifiers. A too large 
difference may be corrected by chang- 
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ing the value of Rep or R73, as the case 
may be. If this is unsuccessful, the rel- 
evant transistor pair will have to be 
replaced. 

When all is well, the resistors in 
series with the +70 V lines should be 
removed. Note that a rectified voltage 
of 70V, let alone one of 140V, is lethal. It 
is therefore absolutely essential to 
switch off the power supply and verify 
that the residual voltages have 
dropped to a safe value before doing 
any work on the amplifier. 


Next month’s instalment will deal 
with the wiring up of the amplifier 
and its performance, including speci- 
fications. 


[990001-3] 


Figure 15. The PCB is 
delivered with a tem- 
plate to ensure that 
the transistors are fit- 
ted at the correct loca- 
tion on the heat sink. 
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990001 - 3 - 13 
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